324 Inorg. Chem.2001,40, 324—328
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CITe(OPr) could be prepared from stoichiometric amounts of T,ed®ld Te(CPr),, a reaction that requires the
exchange of ligands between different Te centers. Ligand redistribution between telluranes was studied, and rapid
exchange of-Cl and —OR (R = Me, 'Pr) ligands in solutions of several binary mixtures of Te(OM@e-

(O'Pr), CITe(OMe}, and CITe(CPr); was established by multinuclear NMR spectroscopy. The solid-state structure

of Te(OMe)-ClTe(OMe}, the first structurally characterized adduct between different telluranes, was investigated
by single-crystal X-ray diffraction. It exhibits a very short-¥©---Te bridge between the two Te centers and
additional Te--O and Te--Cl contacts between different adduct molecules. Selected structural parameters of

Te(OMe)-ClTe(OMe} are Tel-Cl1 274.6(3),

Te1 013 191.0(5), Te2012 194.9(6), Tex011 200.9(7),

Tel---024 226.8(5), Tet-Olla 314.2(8), Te2021 191.6(5), Te2022 198.7(5), Te2023 190.1(5), Te2
024 225.3(5), Te2-013 307.8(6), and Te2022b 269.2(6) pm and Te2024:--Tel 126.1(2). Ab initio (MP2/
LANL2DZP) geometry optimization of the model compound Te(®B)Te(OH) revealed that the central

Te—0O---Te bridge is less symmetric and hence weaker in the isolated adduct molecule than in the solid state. The

stability of Te(OMe)-CITe(OMe}) toward decomposition in Te(OMgind ClTe(OMe)is attributed to the strengths
of the short Te-O---Te bridge between Te(OMgand ClTe(OMe). On the basis of the molecular structures of
Te(OH)-ClTe(OHy and Te(OMey-ClTe(OMe)}, a mechanism for the exchange ©fOR groups between

Te(lV) centers is proposed.

Introduction

The coordination chemistry of Te(IV) compounds recently
gained interestnot least due to the immunomodulatory activity
of ammonium trichloro(dioxyethylen®,0')tellurate?2 Many
molecular and crystal structures of Te(IVV) compounds exhibiting
intramolecular donoracceptor interactions have so far been
reported*7 In the solid state, Te(IV) compounds containing at
least one TeO or Te-X (X = CI, Br, I) bond also form
intermolecular donoracceptor interactions via the O or X
atoms, leading to molecular dimet&;10 oligomers!t—12 or
chainst*
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Dynamic aspects of the coordination chemistry of Te(IV)
compounds were studied via NMR spectroscplhe presence
of a Lewis acidic site in combination with a quick and easy
exchange of ligandsn solution is a feature exhibited by
compounds that act as homogeneous catal§giscloser look
at the ligand exchange reactions and the defaceptor
interactions in telluranes is thus of interest to evaluate a potential
catalytic activity.

Results and Discussion

Synthesis. For the known compound CIT&0;,17 a new
synthesis was found by reacting stoichiometric amounts of sTeCl
and Te(CPr), respectively, in THF solution, while CITe(OMg)
was successfully synthesized from equal amounts of Te(@Me)
and acetyl chloride. By NMR spectroscopy, we discovered that
the reaction mixture can be kept at room temperature to obtain
the products. They precipitated either on cooling or on slowly
evaporating the solvent. Te(OMelITe(OMe} (1) (Figure 1)
was obtained from an approximately equimolar solution of
Te(OMe), and CITe(OMegj in CDCls, which was used as a
sample for NMR spectroscopic studies of exchange reactions.
Complexes between Te(lV) compounds and typical Lewis bases
are known, e.g., Te@lOPh)-bipy,!8 but 1 is the first example
of an adduct between two differently substituted Te(IV)
compounds.
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Figure 1. Structural formula of Te(OM&)CITe(OMe}.
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Figure 2. 25Te VT NMR spectra of a mixture of Te(Pr), (0.247
mmol) and CITe((Pr); (0.144 mmol) in CRCl,.

Table 1. 'H and?5Te NMR Chemical Shifts of Binary Mixtures of

Te(OMe), and Te(CPr) in CDClg '.|

Xome O(OCH3)  O(OCH(CHy)2)  O(OCH(CHz)2)  o(Te) \

0.000 1.18 4.23 1538.4 \

0.138 3.53 1.07 4.39 1531.9

0.264 3.60 1.14 4.47 1530.2 Te2 ¢

0.314 3.62 1.15 4.50 1529.4

0.581 3.67 1.19 4.49 1523.8 Figure 3. (a, top) Molecular structure of Te(OMeELITe(OMe} in
0.957 3.69 1.20 4.46 1518.8 the solid state. Displacement ellipsoids are at the 50% probability level.
1.000 3.71 1519.2 (b, bottom) Coordination mode of the Te atoms in Te(OM&Te-

a Xowe Tepresents the molar fraction of Te(OMep the binary tg\(r)eMSegsévl\?ncIud|ng intermolecular contacts. Only Te, O, and Cl atoms

Te(OMe)/Te(OPr), mixture.

NMR Spectroscopy Ligand exchange has already been atures. It was too broad to be observed between 233 and 223

established between alkoxytelluranes Te(©Rh)d alcohols Eémleéﬁaf’sztozgﬁ dKig(Z(\)/eryr?]road signal for T&(Qy emerged
HOR' .1>NMR experiments should elucidate dynamics of ligand h i redistributi P f—.OR ligands. either b
exchange between different telluranes. For this purpose, NMRT O% rapld ﬁ?ol;trl li)tlon o ) Cl)gan 3 _l?'tc')er etween
spectra of CDGlsolutions containing two tetraalkoxytelluranes, e(OR) an or between Te(OR)an . e(ORy, is in
Te(OR) and Te(OR. (R, R = Me, IPr) (Table 1), or containing contrast to the rather slow exchange-68R ligands between
a tetraalkoxytellurane and a chlorotrialkoxytellurane, Te(©OR) Te(SR} and HSR or betwe_en Te(SR)and Te(SRy that was
and CITe(OR) (R = Me, iPr), were investigated reported recently® The difference between Te(ORpnd

All 125Te NMR spectr:'sl of t;inary mixtures of fe(OMee)nd Te(SR) can be rationalized in terms of a stronger Lewis acidity
Te(OPr), show only a single signal at room temperature of the former, which leads, e.g., to intermolecular secondary
indicating a rapid exchange ofOMe and—OPr. H NMR " bonds in all solid-state structures of Te(QR3nd related
spectra of mixtures of Te(OMgand ClTe(OMej as well as compounds known so far (vide infra).
Te(OPr), and CITe(CPr); exhibit only a single set of signals XRD Crystal and Molecular Structure of Te(OMe) 4-CITe-
for the methyl and isopropyl groups; hence, a rapid exchange (OMe)s and MP2/LANL2DZP Optimized Molecular Struc-
of alkoxy groups can be inferred as well. As only a single signal {Uré_of T€(OH)4-CITe(OH)s. The molecular structure of
is present in thé2Te NMR spectra of the same mixtures at | €(OMe)-CITe(OMe}, in the solid state is given in Figure 3;
room temperature, alkoxy and chlorine groups must also quickly Sélected structural parameters are given in Table 2.
exchange with each oth&12Te VT NMR spectra (see Figure Comparison of the MP2/LANL2DZP optimized structures of
2) support this interpretation as the single signal which is very T€(OH) and CITe(OH} with that of Te(OH)-CITe(OH)
sharp at room temperature becomes broader at lower temperfeveals structural changes due to adduct formation, while
comparison of the structure of Te(OHFITe(OH) with that
(19) In spite of the precautions taken (see the General Procedures in theOf Te(OMe)-CITe(OMe} shows the impact of the different

Experimental Part), it cannot be excluded that traces of HOR and HCI phases, i.e., “isolated molecule” and solid state, on the molecular
due to hydrolysis of the telluranes are present, which might catalyze structure

the exchange of-OR and—Cl, respectively. Anyhow, the single- ’
crystal XRD structure of Te(OMg)CITe(OMe} (see later in the text)
gives a hint to an exchange mechanism that does not rely on the (20) Fleischer, H.; Stauf, S.; Schollmeyer,IBorg. Chem1999 38, 3725~
presence of HOR or HCI. 3729
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Table 2. Selected Structural Parameters (Atomic Distances in
Picometers, Angles in Degrees) from MP2/LANL2DZP Optimized
Geometries of Te(OH)(C,), CITe(OH}) (Cs), and
Te(OH)-CITe(OH) (Cy) and the XRD Geometry of
Te(OMe)-CITe(OMe}

Te(OH): Te(OMe):

Te(OH) CITe(OH) CITe(OH) ClTe(OMe)

Tel-Cl1 252.2 254.5 274.6(3)
Tel-011 193.1 198.9 200.9(7)
Tel-012 192.3 194.7 194.9(6)
Tel-013 192.3 194.5 191.0(5)
Tel--024 241.2 226.8(5)
Tel--Olla 314.2(8)
Te2-021 194.0 190.5 191.6(5)
Te2-022 199.5 197.7 198.7(5)
Te2-023 194.0 193.9 190.1(5)
Te2-024 199.5 209.6 225.3(5)
Te2:-013 301.8 307.8(6)
Te2--022b 269.2(6)
Cl1-Tel-011 166.3 160.8 177.5(2)
Cl1-Tel-012 84.1 85.1 89.2(3)
Cl1-Tel-013 84.1 81.9 86.4(2)
Cl1-Tel---024 110.1 97.0(2)
011-Tel-012 87.2 82.4 88.3(4)
011-Tel-013 87.2 85.0 93.1(3)
012-Tel-013 101.1 96.0 87.7(3)
012-Tel---024 159.0 160.3(3)
021-Te2-022 90.0 83.9 87.4(2)
021-Te2-023 109.5 103.4 93.8(2)
022-Te2-023 90.0 86.4 88.9(2)
022-Te2-024 156.8 160.2 166.1(2)
013-Tel--024 72.3 74.2(2)
Te2-024--Tel 122.0 126.1(2)
Te2-024-TelO13 20.9 3.9(3)

aNumbering of the atoms according to Figure 3. MP2/LANL2DZP
atomic distances refer to am structure.

Table 3. Crystal Data for Te(OMe)CITe(OMe)?

empirical formula GH».0;ClTe, o/deg 99.975(7)
fw 507.9 pldeg 99.750(7)
cryst syst triclinic yldeg 91.667(7)
space group P1 V/IA3 763.3(1)
Z 2 no. of reflns measd 4121
MA 0.71073 no. of unique reflns 3314
temp/K 203 m/mm? 4.01
Pealedd CT 3 2.210 refin|F| > 40(F) 2377

alA 7.1309(6) R1[F| > 40(F)]2  0.0455
b/A 10.3345(8) wR2 0.1116
c/A 10.6899(8) GOF offr? 1.042

*R1= 3 |[Fo — Fdll/XIFol. "WR2= { T [W(Fe* — FY T [WFof]3 2

Te(OMe)-CITe(OMe} is the first structurally characterized
compound with a TeO(R)--Te bridge between differently
substituted Te atoms. Te®24--Tel represents so far the
shortest Te-O(R)—Te bridge, with the distances Te®©24 and
Tel:--O24 being nearly equal in the solid state (see for
comparison, e.g., the solid-state structures of tellurium(lV)
catecholat@! or tellurium(lV) tetramethylglycola®). The
symmetry indexs = [d(Te---O) — d(Te—O)J/[d(Te---O) +
d(Te—0)] can be taken as a geometric measure for the symmetry
and hence the ionic character of a Jd@---Te bridge??
Furthermore, if the sum of the distanced(Te---O) +
d(Te—0), is similar for different bridges, their strengths can be
compared bys. The smaller the difference betwed(Te:+-O)

(21) Lindquist, O.Acta Chem. Scand 967, 21, 1473-1483.

(22) Day, R. O.; Holmes, R. Rnorg. Chem 1981, 20, 3071-3075.

(23) The corresponding “asymmetry parameter” given by Landrum and
Hoffmann would be asym= [d(Te:--O) — d(Te—0)]/d(Te—0O).
Landrum, G. A.; Hoffmann, RAngew. Chenml998 110, 1989-1992;
Angew. Chem., Int. Ed. Engl998 37, 1887-1890.

Fleischer and Schollmeyer

andd(Te—0), the smaller is and the more ionic is the character
of the bridge. Ifd(Te---O) andd(Te—O0) differ significantly,

the latter can be regarded as a normal covalent bond, while the
former represents a weak secondary interaction. Thus, for
comparable sums al(Te---O) andd(Te—0), the bridge with

the higher ionic character is the stronger one. For-FeR4—

Te2 in1, sis calculated as 3.% 1073, while for Te--O—Te
bridges in tellurium(IV) catecholat& tellurium(lV) tetrameth-
ylglycolate?? trichloro(ethane-1,2-diolat®,O")tellurate(IV) 24

and 2,2-biphenylylene-2-biphenylylphenoxytellurafeyalues

of 0.112, 0.208, 0.168, and 4.5 1073, respectively, are
obtained. Thus, from the small sum of the distances1@24

and Tel1--024 and the high symmetry of the TelD24—Te2
fragment, a high strength of the bridge can be inferred.

Apart from Te2-023, the sequence of the ¥& bond
lengths is the same for the solid-state structuré ahd the ab
initio optimized molecular structure of Te(OFEITe(OH). The
axial bond Te2024 is significantly longer than the other
covalent Te-O bonds; i.e., it is weakened by the strong
interaction between 024 and Tel, the shortest dative>O
Te(lV) bond known so faf® Furthermore, the sum of the
bonding angles around 024 is 359.§iving a nearly planar
Te,OC arrangement. In the isolated adduct Te(Q@ETe(OH),
Te2—024 is shorter (209.6 pm) and Ted024 longer (241.2
pm) than inl (225.3 and 226.8 pm, respectively), thus implying
that the Te-O---Te bridge is less symmetrical and thus weaker
(s= 7.0 x 1072, vide infra) than in the solid state. We tend to
attribute these differences of the ¥©---Te bridge in the two
cases to the different abilities of their molecular environments
to stabilize charge separations. Due to the polar environment
of the solid state and additional intermolecular contacts,
stabilization of an ionic bridge is much easier to accomplish
for Te(OMe)-ClTe(OMe) than for the model compound
Te(OH),-CITe(OH), and hence a more symmetric¥@---Te
bridge is feasible for it. The Te2024---Tel-013 torsion is
in both cases close to the eclipse of F&224 and Te1+ 013,
thus allowing a maximum of interaction between Te2 and O13.
For the bridge TetO13--Te2, s is calculated as 0.234,
rendering it obviously weaker than Te®24---Tel. From the
geometry of the TeO---Te bridges it is furthermore inferred
that CITe(OMej is a stronger Lewis acid than Te(OMeajnce
it forms a distinctly shorter Te-O bond than the latter. In this
respect, it is noteworthy that not a F€I bond but a Te-O
bond is trans to Te1-024.

On the basis of the molecular structures of Te(OM&|)Te-
(OMe); and Te(OH)-ClTe(OH), a mechanism for the exchange
of alkoxy groups between different Te(IV) centers is proposed
(see Scheme 1).

In the solid state, additional TeO interactions lead to chains
of Te(OMe)-CITe(OMe} units, the chains being linked to each
other by Te--Cl contacts. In the solid state the bond angles at
Tel become close to 9@nd 180, respectively, reflecting the
reduced repulsion of the lone pair on the other bonds of Tel.

(24) Sundberg, M. R.; Uggla, R.; Laitalainen, T.; BergmanJ).JChem.
Soc., Dalton Trans1994 3279-3283.

(25) Sato, S.; Kondo, N.; Furukawa, Rrganometallicsl 995 14, 5393~
5398.

(26) “Covalent” and “dative” Te-O bonds are distinguished according to
Haaland (Haaland, AAngew. Cheml989 101, 1017-1032;Angew.
Chem Int. Ed. Engl.1989 28, 992-1007.); i.e., bonds are classified
as covalent or dative if least-energy cleavage is homolytic or
heterolytic, respectively. According to this criterion, Fe224 is
covalent and Tet-024 is dative, independent of their actual lengths,
as only a heterolytic cleavage of the latter leads to formation of
Te(OMe), and CITe(OMe), while homolytic cleavage would give
Te(OMe)™ and CITe(OMey .
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Scheme 1. Proposed Mechanism for the Exchange of the isolated molecule, a pathway for the exchange-@R
Alkoxy Groups between Te(ORpand CITe(OR) groups between Te(lV) centers could be suggested.
R .
o/R 1/{ cl N RG Experimental Part
/0\\ O R /O\| - o\* PN General ProceduresAll procedures involving TeG) Te(OR), and
R Te\o.-f""" F’\o/ = R TC\O/TC CITe(OR) were carried out under an inert gas atmosphere or in a
i R Ny 0 | O vacuum, using carefully dried glassware and solvents purified according
R R R R R to standard procedures. NMR: Bruker DRX 48¢(*H) = 400.0 MHz,
B1(%%C) = 100.577 MHz,B,(1%5Te) = 126.387 MHz. Standard: TMS
H (*H, 3C) and Te(CH), (**°Te). CH analysis was performed with an
Elemental Vario EL2. Te(OMg)and Te(CPr), were prepared from
R, R ¢ R\ R Cl TeCl, and the appropriate sodium alcoholates, according to literature
o | o proceduré’
R/O\%e/o - \"Te/O\R . /O\Tle/O\Te/O\ CITe(O'Pr). Te(OPr), (10.96 g, 30.1 mmol) and Teg(2.67 g, 9.9
l O/ | - R | \O/ | R mmol) were mixed in 40 mL of THF and stirred for 24 h. The solution
_0 i O\R 0 1 0 was concentrated by evaporating THF in vacuo and then cooled@
R R R R R °C, and the precipitate formed was washed with cold diethyl ether and
dried in vacuo. Yield: 12.62 g, 93.6%H NMR: 6 = 5.04 (m, 1H,
This effect is attributed to the intermolecular-#© contacts ~ ~OCH(CHy)2), 1.27 (d,*)(H,H) = 6.0 Hz,)J(**C,'H) = 127 Hz, 6H,

—OCH(CH3)). 33C NMR: 6 = 70.8 (-OCH(CHs),), 25.7 (-OCH-

in the solid state, by which Tel reaches a coordination number
; (CHa3),). 125Te NMR: ¢ = 1634.6.

of 6 (see Figure 3b), with a slightly distorted octahedral ;

configuration. Tei:-O11a slightly increases TeD11, while ClTe(OMe)s. Acetyl chloride (1.00 g, 12.7 mmol) was added to a
h 2..022b and a.cl ianifi | stirred solution of Te(OMe)(3.20 g, 12.7 mmol) in 30 mL of THF.
the Te2- and Te2-CI1 contacts significantly narrow  xj yojatile compounds were subsequently removed in vacuo, leaving
021-Te2-023 and slightly increase TeD22. The config- a white solid, from which CITe(OMe)was obtained by recrystallization

uration of Te2 is best described as tricappgdtrigonal from chloroform. Yield: 2.88 g, 88.5%H NMR: & = 4.02 (s).13C
bipyramidal. The coordination of the Te atom in Te(QH) NMR: ¢ = 53.6.1%Te NMR: 6 = 1586.
(C, symmetry) can be describedg@grigonal bipyramidal, with Te(OMe),-ClTe(OMe)s. Te(OMe), (95 mg, 0.38 mmol) and ClTe-

022 and 024 being in apical positions and 021, 023, and the (OMe); (103 mg, 0.40 mmol) were dissolved in 0.5 mL of CRGDn
lone pair in equatorial positions. In accordance with the VSEPR cooling to—20°C, colorless crystals of Te(OMeLITe(OMe}, suitable
rule, bonds to the apical ligands are longer than those to thefor crystal structure analysis, precipitatéd. NMR: 6 = 3.86 (s).2°C
equatorial ones. In CITe(OH{Cs symmetry), the coordination =~ NMR: 0 = 52.5.2%Te NMR: 4 = 1556.3. Anal. Calcd for (Har-
of the Te atoms is distorted pseudo trigonal bipyramidal, as ¢'07T€ (W = 507.90): C, 16.55H, 4.17. Found: C, 16.19; H, 3.74.

. C Crystal Structure Determination. The crystal structure data were
can be seen from the bonding angles. Considering the Iengthscollected on a Siemens-P4 diffractometer, the structure was solved by

of the TQ—O bonds, thgre is hardly any dlfference between the direct methods and a difference Fourier technique (Z1B)d structural
equatorial and the axial ones, a fact attributed to the smaller ofinement was againgt? (SHELXL-97)2 Details of the crystal
trans effect of ClI compared to O. structure determination and the crystal data of Te(QNRTe(OMe)
The impact of formation of Te(OH)CITe(OH) from are given in Table 3.

Te(OH), and CITe(OHj} on their molecular structures is less Theoretical Methods. The ab initio calculations were performed
dramatic than the Changes of the adduct between the isolatedn various servers of the Zentruriy fdatenverarbeitung, Universita
molecule and the solid state, as can be seen from Table 2.Maitnzb ”ts_ing thle ??USS'AN%‘_‘ Sc’tﬁ"‘t’ﬁreﬂﬁ’a‘:kﬁf\Msﬂelfond‘grg‘fr .

: . : : perturbation calculation according to the theory o er and Plesse
:Qazrg?:]e_?_zl(gwggﬁggﬁéi trr?asr?(i)r?igl(%ﬁ)r-zlé?j(gﬂ;g (MP2) followed the HartreeFock (HF) studies to account for the

/ ; " effects of dynamic electron correlati8hWith both levels an effective

MP2/LANL2DZP thermochemical calculations for the formation .o double: valence basis set according to Hay and iatigmented
of Te(OH),-CITe(OH) from Te(OH) and CITe(OHj, corrected by appropriate polarization functions for Te, Cl, and O (HF/LANL2DZP
for the basis set superposition error by counterpoise calculations,and MP2/LANL2DZP) was uset.At the HF level, all stationary points
gave values oAH?% = —46.4 andAG?°8 = +3.7 kJ mot, were characterized by numerical calculation of frequencies from first
confirming the strength of the Te2024---Tel bridge in the

adduct but also indicating substantial dissociation of the adduct (27) Meerwein, H.; Bersin, TLiebigs Ann. Chem1929 476, 139.

in the gas phase. (28) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M. SIR-A program for the automatic
solution of crystal structures by direct methodsAppl. Crystallogr

Conclusion 1994 27, 435-436.
(29) Sheldrick, G. M. SHELXL-97, Program for crystal structure refine-
Tetraalkoxy- and chlorotrialkoxytelluranes exchang®R 0) rgenthUle?sTutaGIStter\;gevr\}, Gserhrlnan);, é9g7-G,“ B MW Joh
_ H : H risch, M. J.; Trucks, G. V. sSchilegel, R. B.; Glll, P. M. W.; Johnson,
and .CI ligands with each other. At room temperature th[s B. G.. Robb. M. A Cheeseman. J. R.: Keith, T.. Petersson, G. A
reaction pI’OCGedS faS'[ on the NMR time Scale Th|S faC”e Montgomery'\]_A_; Ragha\/achari7 K_;A|_|_aham7 M_A_;Zakrzewski,
exchange can be used for synthetic purposes. V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
. . Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen,
The adduct Te(OMQ)leTe(OMe)i owes Its eX|s_tence toa W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.;
very strong Te-O-+-Te bridge. Comparison of solid-state and Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.;
ab initio optimized molecular structures reveals a higher vaéa”-' J. P.I;E};eeg—Gor_don,lM.; GF?_T&Z"E\)'GZ,hC-:PiOFi'gééBBNSSIan
H H H H , Revision E.2; Gaussian, Inc.: ittsburgn, y .
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